The performance of eight methods in identifying Neisseria species, particularly N. gonorrhoeae, was evaluated. These methods included four rapid carbohydrate utilization tests (Gonobio-Test, Neisseria-Kwik, RIM-N, and Minitek); the Gonochek 11, a test which is based on the utilization of chromogenic substrates; and three monoclonal antibody tests (Syva MicroTrak, GonoGen, and Phadebact Monoclonal GC OMNI Test). In all, 182 isolates comprised in six species of Neisseria as well as Branhamella catarrhalis and Moraxella sp. were tested. Cystine-tryptic digest agar supplemented with sugars was included for reference purposes. In the carbohydrate utilization tests, the sensitivity and specificity of the Neisseria-Kwik and Minitek tests for the identification of N. gonorrhoeae were 100%. This compared with sensitivities and specificities, respectively, of 100 and 99.1% for the Gonobio-Test and 99.1 and 100% for cystine-tryptic digest agar sugars and the RIM-N test. The sensitivity and specificity of the Gonochek II test were 99.0 and 86.7%, respectively. Although most test kits did not claim to identify all Neisseria species, in several cases isolates of N. subflava were misidentified or could be misinterpreted as N. gonorrhoeae or N. meningitidis. With the monoclonal reagents, the Syva MicroTrak system was 100% sensitive and 100% specific. The GonoGen test was both 99.1% sensitive and specific, while the Phadebact Monoclonal GC OMNI Test was 99.1% sensitive but 91.2% specific. With this latter test, cross-reactions were observed with strains of B. catarrhalis, N. cinerea, and N. lactamica.
Although it is essential that pathogens such as Neisseria meningitidis and Neisseria gonorrhoeae be correctly identified, the identification of species other than these traditional pathogens has also become important as their role in pathogenicity has become appreciated (13, 20) . In addition, certain coexisting nonpathogenic Neisseria species which are morphologically similar to N. gonorrhoeae and which might be confused with it should be distinctly identified (9, 13, 19) .
The confirmation or identification of Neisseria species traditionally has been determined by the production of acid from sugars incorporated into cystine-tryptic digest agar (CTA sugars) (18, 24) . Difficulties in using this test include problems of interpretation owing to slow-growing organisms, insufficient inoculum, contamination of maltose with glucose, mixed cultures, inadequate incubation conditions, and pH reversions in the medium (18, 22, 27) . Some of these difficulties have been circumvented by the development of substrate (carbohydrate and chromogenic) utilization tests depending on the presence of preformed enzymes which are largely independent of bacterial growth and which provide faster results compared with the CTA sugars (2, 27) .
In the present study, four carbohydrate utilization test systems (Neisseria-Kwik, RIM-N, Gonobio-Test, and Minitek) were evaluated. The Neisseria-Kwik and Gonobio-Test systems have not been previously evaluated. In addition, the Gonochek II test, an identification system based on the use of chromogenic substrates, was compared with the carbohydrate utilization tests. Three serological tests based on the production of monoclonal antibodies reactive with N. gon Most of the isolates were selected from the culture collection of the Antimicrobials and Molecular Biology Division, Laboratory Centre for Disease Control (LCDC), which included clinical isolates submitted for genetic and biological testing. In addition, isolates were provided by F. Chan of the Children's Hospital of Eastern Ontario; by P. Ewan, Special Bacteriology Section, LCDC; and by F. E. Ashton, National Neisseria Reference Centre, LCDC. All strains were identified by at least two independent groups.
All the strains had been stored either frozen at -70°C or lyophilized in 2% skim milk (7) . Before testing, strains were subcultured on GC medium base (Difco Laboratories, Detroit, Mich.) supplemented with 1% Kellogg defined supplé-ment and were incubated overnight at 35°C in a humid atmosphere supplemented with 5% C02 (7) .
Identification of isolates. (3, 19) . Gonochek II. The Gonochek Il test (Du Pont Co., Wilmington, Del.), which has also been described previously, is based on the differential utilization of three chromogenic substrates (5-bromo-4-chloro-3-indoyl-3-D-galactopyranoside, -y-glutamyl-para-nitroanilide, 3-niapthyl amino acid derivative) by Neisseria species (6, 14, 21, 25, 26) . The microbial identification tubes were supplied with the kit.
Phadebact Monoclonal GC OMNI Test. The Phadebact Monoclonal GC OMNI Test kit (Pharmacia, Uppsala, Sweden) includes gonococcal OMNI reagent (murine monoclonal antibodies to protein 1A and 1B bound to nonviable staphylococci) and gonococcal control reagent (antibodies from non`immunized rabbit bound to nonviable staphylococci). Disposable slides were also included. Samples were prepared by boiling a light suspension of fresh isolate in 0.5 mI of 0.9% saline for 5 min. One drop of boiled suspension was added to 1 drop of OMNI reagent and to 1 drop of control reagent. After the reagent mixture was stirred with a loop, the slides were gently rocked and agglutination reactions were recorded within 1 min.
GonoGen test. The GonoGen test kit (New Horizons Diagnostics, Columbia, Md.), described previously, included GonoGen reagent (murine monoclonal antibodies to protein I of N. gonorrhoeae adsorbed to heat-killed staphylococci), positive control reagent (heat-killed N. gonorrhoeae), negative control reagent (heat-killed Neisseria sp. other than N. gonorrhoeae), and Staph control reagent (normal rabbit immunoglobulin G adsorbed to heat-killed staphylococci) (16) . Glass slides and dispensers for delivering the test organism were also supplied.
Syva MicroTrak test. With the Syva MicroTrak N. gonorrhoeae culture confirmation test (Syva Co., Palo Alto, Calif.), fluorescein-labeled mouse monoclonal reagent, reconstitution diluent, mounting fluid, and colony transfer sticks were supplied. Five colonies were emulsified in a drop of water. The slide was air dried and heat fixed. Reagent (30 ,ul) was added, and the slide was incubated for 15 min at 37°C in a humid chamber. Excess reagent was removed, and the slide was washed with deionized water. The specimen was mounted, and the slide was read with a 100x oil objective lens on a Leitz (Ortho Plan) fluorescence microscope. Positive-staining diplococci were apple green.
RESULTS
Test results comparing carbohydrate substrate utilization tests are given in Table 1 . All N. gonorrhoeae and N. meningitidis isolates were correctly identified on first testing with the Minitek and Neisseria-Kwik tests. With the Gonobio-Test, all N. gonorrhoeae strains were also identified on first testing, while three isolates of N. meningitidis required second testing owing to initial negative reactions with maltose. With both CTA sugars and the RIM-N test, one (different) strain of N. gonorrhoeae was not correctly identified despite repeated testing, while N. meningitidis strains were correctly identified.
These results are reflected in the calculation of the sensitivity and specificity of each test for the identification of N. gonorrhoeae ( Table 2 ). The Neisseria-Kwik and Minitek tests were 100% sensitive and 100% specific for the identification of N. gonorrhoeae. The Gonobio-Test had a sensitivity of 100% for the identification of N. gonorrhoeae. However, the specificity of this test ranged from 95.5% on initial tests to 99.1% after repeat testing. This was due to the misidentification of three N. meningitidis, two N. subflava (sucrose-positive biovars), and one N. lactamica isolates as N. gonorrhoeae. The RIM-N test had a sensitivity of 99.1% and a specificity of 100% for identifying N (2, 3, 21) . In the present study, both N. cinerea and some B. catarrhalis strains produced agglutination reactions which were considered equivocal and which might be considered positive. We did not observe the cross-reactions with N. sicca or Moraxella sp. reported with the older test (12) . Subsequent serological analysis of crossreacting strains in this laboratory with specific monoclonal reagents for N. gonorrhoeae indicated that they belonged to serovar Ae (i.e., reacted with reagent 4G5), one of the pooled monoclonal reagents used in the test.
Previous workers have noted that N. cinerea isolates may be confused with N. gonorrhoeae when using rapid systems for identifying pathogenic Neisseria species (3, 9) . The present study confirms and extends these observations in that N. cinerea strains produced reactions typical of N. gonorrhoeae with the Gonochek Il system, equivocal reactions with the RIM-N test (all sugars were weakly positive), and reactions with the Phadebact monoclonal GC OMNI Test which might be misinterpreted as a positive test for N. gonorrhoeae. To differentiate strains of N. cinerea from N. gonorrhoeae, it has been suggested that isolates be screened with serological reagents specific for N. gonorrhoeae followed by further testing of negative strains for colistin susceptibility, using 10-,ig colistin disks (N. gonorrhoeae are resistant) or growth on tryptic soy agar or Mueller-Hinton agar at 22 or 25°C (3, 9) . The present study supports these conclusions in that none of the N. cinerea strains tested were resistant to colistin and all grew at 25°C on tryptic soy and Mueller-Hinton agar. N. cinerea isolates did not produce cross-reactions with either the GonoGen test or the Syva 
